SFHADOWRAPPENDIX MANUALMETHODEORCALCULATINEHADOWS

If access to the use of thregimensional computer modeling software is not availaiiles possible to graphically calc

late the shadows for the Tie€3 Screening Analysisyl@ection 314) and the Detailed Shadow Analysis (Section 320),
without the use of a computeiThe methodologies outlined in this appendian be used to carry out in a graphic form
the shadow analyses deribed in Sections 314 and 32@llother analyses and assessmeshould be performed as
outlined in the remaining sections 6fK I LJ0 SNJ y& G { Kl R2ga

A. MANUALMETHOD FORALCULATINGHADOWS FOR THEER3 SCREENINANALYSIS

For an introduction to thipart andrelated materialregarding shadows analysege Sibsection 314 (TieB Screening
Analysis)

The first step in the TieB screening analysis is to determine the angle of the project's shadow on each sunlight
sensitive resource in relation to trusgorth. On the base map (sesubsectiorB11), draw a line from the point on the
building's footprint (or the corner of the project site, if the shape of the building is unknown) that will cast the earliest
shadow on each open space or ssansitive architettiral resource to the point on the open space or architectueal r
source that will first be in shadow. As explained in Section 100, above, because the sun rises in the east and trav
across the southern part of the sky to set in the west, a project'sestuishadows would be cast almost directly wes
ward. Throughout the day, they would shift clockwise (moving northwest, then north, then northeast) until sunset,
when they would fall east. Therefore, a project's earliest shadow on an open space or atchiteesource would o

cur in this same pattern, depending on the location of the open space or resource in relation to the project site. A si
ple method to find the earliest shadow is to begin with a line running due west from the project site. If ¢hiobés

not meet the open space or architectural resource, rotate the line clockwise until it doglse example in Figureli

the earliest shadow on an open space is represented by a line between the southeast corner of the project site and t
northwest corner of the open space. Intersect this line with a vertical line (a line drawn true north). This displays th
shadow's angle from true north when it enters the open space or reaches the architectural resource. This is referred |
as the "entenmg angle" in this discussion.
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Entering and Exiting Angle
Extreme Angles: -6°, 57°

Distances at Extreme Angles: 780, B02'
Minimum Distance: 404'
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SHADOWS APPENDIX B

Using the same approach, draw a line from the point on the building's footprint that will cast the latest shadow on the
open space or architectural resource to the point in the open space that will last $lsadow.In the example, this is

the line between the northwest corner of the site and the southeast corner of the open space. Intersect this line with ¢
vertical line (a line drawn true north) to display the shadow's angle from true north as it |daeexpén space orer
source. This is the "exiting angle."

All angles between the two angles obtained above represent the portions of the open space or resource that could &
in the shadowof the proposed project at@me time during the year. In thexample, these angles, measured using a
protractor, are-6 degrees (a minus sign means that the shadow occurs before approximately noon) and 57 degrees fi
the entering and exiting shadows, respectively.

The entering and exiting angles set the limits ledidows that theproject would cast on the open space or resource at
all times of the year. In taexample, these angles, measured using a protractor;@egrees (minus sign means that
the shadow occurs in the morning) and 57 degrees. This means ttlzatyaangle from6 degrees to 57 degrees the

building could potentially cast a shadow that would reach the open space.

Next, using Table Al, which gives the maximum shadow length factors for all shadow angles, determine the maximt
shadow length of the Lilding in question. The longest shadow that any building will cast during the year occues on D
cember 21st. The maximum shadow length for all angles betw@&amd 57 degrees is 4.3 for 42 degrees on December
21st. This means that&b0-foot building, forexample, would cast a maximum shadows6éb5feet.

It may be necessary to adjust this calculation to account for differences in elevation between the building and the par
or resource in question. If inspection of available maps shows, for example, thauthling site is at an elevatiopa
proximately 20 feet higher than the park, that 20 feet is added to the building height in making the calculation. Thit
provides the building height relative to the elevation of the park. With the difference in eleyatiermaximum sha-

ow length that could occur would b&741feet (4.3 timesB870), about 86 feet longer than the shadow for the building

at the same elevation as the open space.

If the analysis above indicates or cannot rule out that shadows from the peaporoject would reach a sunlight
sensitive resource at any time during the year, a detailed shadow analysis is required. The manual method for perfor
ing thisdetailedanalysis is described PartB. If the results of the screening analysis demonsttiaét no shadows will
reach any sunlighsensitive resources, no further shadow assessment is needed. Provide the necessary documentatic
to support this conclusion illustrating the screening analysis.

As shown on Figure A2, the distances between the ptajiee and the open space range from 404 to 802 feet. &her
fore, a850-foot building would cast a shadow reaching the open space at some point in the year, and the next step i
the screening is required.
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SHADOWS APPENDIX

B. MANUALMETHOD FORALCULATINGHADOWS FOR THRETAILE[SHADOWANALYSIS

For an introduction to thipart and related materiategarding shadows analysesee Sibsection 314.2 (Determining
GKS Gé2NBG OF aS¢ abSStgr IW3 PMoriEhad dilinterkst 4v@ répran@tive] days for analysis),
Qbsection 34.4 (Timeframe window of analysis), Section 320 (Detailed Shadwilysis), @bsection 321 (Future No
Action conditions), Bbsection 322 (FuturéVith-Action conditions), 8bsection 324 (Performing thdetailed analysis)
and Sibsection 325 (Documenting the extent and dtiom of incremental shadows

The example presenteith this sectionsupposes an existing open space and a building that rises 640 feet witheut se
back and then slopes back to a pointed, delke, ymmetrical top at 850 feet. Therefore, the positions on the ground
from which to measure the length of the shadow (and distance to the open space) would be the three leading cornel
and the center of the site, labeled A, B, C, and D, respectively on Rigufes shown on this example, the shortestdi
tance to the open space is a line drawn from B to E, which yields an angle of 52 degrees from true north and measul
404 feet. The shortest distance from the building's tallest point, D, to the open spaEg iGat an angle of 43 degrees
from true north and measures 523 feet.

Having identified "worst case" shadow conditions (Sedsectior814.2), next consult Table A2, which provides gha

ow length factors for all shadows angles for four representative datygn the months of concern. Consider whether

the entering and exiting angles and the angle defining the shortest distance between the building and the open spac
or resource would cast shadows long enough to reach the open space or resource. Figid2sHEa, and B4 illustrate

the shadows that would occur from the 8880t building example on an open space nearby. As shown in these figures,
entering and/or exiting shadows would reach the park on December 21 and March 21. For May 6, the enterixg and e
iting shadows would not reach the open space, but at the shortest point (52 degrees), the shadow angle factor woul
be 0.68, the length of the shadow would be 0.68 times 640, or 435 feet. This is more than the distance between th
site and the park at thapoint; therefore, the shadow would enter and extend into the park.

In the example, on June 21, no shadow from the building would extend into the open space. The entering and exitir
shadows would not reach the open space. The shadow over the shorteahcisfrom the site to the park (B to E)
would be 0.46 times 640, or 294 feet (110 feet less than 404 feet). Over the shortest distance from the tallest point ti
the park (D to E) the shadow would be 0.40 times 850, or 340 feet. This is less than theedistmeen D and E on

the ground (523 feet). Thus, no project shadow would enter the open space on June 21.
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Shadows from 850-foot Building:
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| Park

[ 11:34, 12229, 13:22
————~ Entering and Exiting Angle

Extreme Angles: -&° 57°
Distances at Extreme Angles: 780', 802'
Minimum Distance: 404’
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Shadows from 850-foot Building:
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Proposed Building Site

Entering and Exiting Angle

Extreme Angles: -6°, 57°
Distances at Extreme Angles: 780', 802"
Minimum Distance: 404’
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Shadows from 850-foot Building:
March 21
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SCALE
Park 0 11:25, 13001, 14:43

Entering and Exiting Angle Cancicunt ISR
Extreme Angles: -6°, 57°

Distances at Extreme Angles: 780", 802’
Minimum Distance: 404
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Shadows from 850-foot Building:
December 21
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The length of time that the project shadows stay on the open space or resource depends on the entering and exitir
angles from true north and the time of year. Because of differences in the sun's height in the sky throughout the yea
shadows are longer lhumove more quickly (are of shorter duration) during the winter than during the summer. Using
Table A2, it is possible to estimate shadow duration for each of the analysis months. For example, on March 21, t
entering angle of6 degrees would occur at ppoximately 11:47 a.m., and the exiting angle of 57 degrees would occur
at approximately 3:04 p.m. (shown as 15:04 on the table). Thus, for a building tall enough that its shadow reaches
open space at both the entering and exiting angles, the shadowdnmeion some part of the park for 3 hours and 17
minutes.

If the shadow does not reach the open space or resource at both the entering and exiting angles, then the duratio
would be less. Using Table A2, it is possible to identify the angle (and #ngisni) when the shadow would be long
enough to reach and enter the park. In the March 21 example on Figure B3, because of the shape of the hypothetic
building's top (it comes to a point), the shadow would not enter the park at@hdegree angle. A kndrawn from the
center of the project site (the location of the top of the roof) to the westerly point of the park yields an anglesof 3 d
grees. Thus, the shadow would enter the park at 12:10 p.m. EST and exit at 3:04 p.m. EST for a duration of @ hours
54 minutes.

An exception to the abovanalysis occurff the entering and exiting angles are greater than 42 degrees; then, no
shadows from the project would exist on December 21 for areas beyond 42 degrees. Since the sun rises and sets in
narrowestarc on that day, during the period from an hour and a half after sunrise to an hour and a half before sunset
the shadows lie betweert2 and +42 degrees from true north (see Tablg. AkRthis case, pick the date closest te-D
cember 21 in which at leastne of the entering or exiting angles occurs, and assess winter conditions on that date. If
the longest shadow for the building in question does not occur in any of the months between November and Februat
(shadow angle more than 63 degrees), it is not 13saey to consider a winter case.

To understand the shadow that would be added to an open space or natural or architectural resource by a propose
project, shadows that would exist without the project must also be defined. Other buildings may alreadyathst/s

(or be expected to cast shadows in the future) that would eliminate any new shadows cast by the proposed projec
The analysis entails calculating and displaying the shadows from all buildings and structures that will be present in bc
the future With-Actionand futureNo-Action conditions between the project site and the open space and that are also
located within the two relevant entering and exiting angles from true north. The buildings in the surrounding area
should also be considered for unusei&rcumstances: for example, extremely tall buildings farther from the open space
than the project that may cast shadows within the entering and exiting angled={gaee 88, Effectsof existing buil-

ings)

The analysis is straightforward and requiras &curate map showing the footprints of existing and proposed or
planned buildings and structures. The analyst should olitata as accurate as possible on the heights of each building
and its setbacks. Entering and exiting shadows are calculated apldyaid for each of the representative days for
analysis in the months of interest, within the timeframe window of analysis, as descrilfedbsectios 314.3 and

314.4.

The project's shadow effect is the increment beyond shadows that would exist in thee fNb-Action conditions.
Therefore, the project's shadows should be calculated and displayed clearly as an increment beybladAtti®n
conditions shadows on the open space. Figures B5 and B6 illustrate a full and a partially blocked shadow from the 8!
foot example building.

Once the shadows affecting the sunlig@nsitive resources have been calculated document the results as described in
Section 325 and proceed with the assessment of shadow impacts as described in Section 400.
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